
Figure 1. Lower Clear Creek reach delineations. Modified from McBain and Trush 2001.



Figure 2. Lower Clear Creek watershed location map. Modified from McBain and Trush 2001.



Figure 3. Temporal and spatial characteristics of anadromous fish populations in Clear Creek (from Alexander 
et al. 2003, p. 82). 



Figure 4. Hierarchy of processes resulting from watershed disturbances.
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Figure 5. Empirical flood frequency curves for peak flows in lower Clear Creek before (open symbols) and after 
(closed symbols) construction of Whiskeytown Dam. “Ordinary” peak flows have been affected more than extreme
flows. (Source: Williams and Kondolf 1999).  



Figure 6a. Conceptual model of reference condition processes and linkages in Reaches 1 and 2: unregulated bedrock-
confined gravel bed river.

Floodplain inundation
• Intermittent
• Limited extent
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ChannelFloodplain/off-channel

High nutrient 
inputs 
to river

ABUNDANT (?) 
SALMON 

CARCASSES

Good foodweb
support

Water
•Unregulated
•Rainfall and rain-on-snow
-dominated hydrograph
•Q1.5 ~ 5,700 cfs

Fine sediment
• Supplied from 
upper watershed 
and bank erosion

Coarse sediment
•Supplied 
primarily from
upper watershed 
and tributaries

Large woody debris
•Recruited through 
fluvial transport, bank 
erosion, adjacent 
hillslopes

Fine sediment transport
• As suspended load
• At rate limited by supply

Bank erosion
• Limited by bedrock 

exposure

Coarse sediment transport
• Bedload 
• Frequent (>1day/yr)
• Episodic scour depths > D90

Riffles
•Gravel and cobble, some 
interstitial fine sand
•Regular (Reach 1) and 
frequent (Reach 2) 
mobilization of surface & 
subsurface

Pools
•Very well-
developed (Reach 1)
•Long, deep pools 
(Reach 2)
•Floored with coarse 
sediment

Channel planform
•Confined by bedrock
•Limited channel 
migration

Floodplain construction
•Coarse and fine sediment 
deposition (Reach 1)
•Rare coarse and fine sediment 
deposition (Reach 2)
•Episodic floodplain scour (Reach 1)FO

R
M Bars

•Fresh depositional surfaces 
(Reach 1)
•Episodic scour (Reach 1)
•Limited to short, unconfined 
reaches (Reach 2)

Floodplain & riparian habitat
• Topographic variability
• Dynamic patch mosaic
• limited diversity of aquatic-terrestrial 
transition zone (ATTZ)
• Restricted shallow water feeding 
habitat
•Narrow riparian band which expands 
in short, unconfined reaches (Reach 2)

Rearing habitat 
• Availability of pool 
holding habitat
• Low velocity shelter & 
feeding habitat 
associated w/LWD and 
boulders

Spawning habitat
• High permeability gravel 
(Reach 1)
• Abundant riffle surface (Reach 
1)
• Availability of suitable gravel 
sizes (Reach 1)
•Likely limited to pocket gravels 
(Reach 2)

Terrestrial flora
• Riparian recruitment of fresh surfaces
• Episodic scour of marginal vegetation
• Diverse native riparian community
• Restricted extent of native floodplain 
flora

Aquatic fauna
• High diversity and abundance of 

native species including 
invertebrates, salmon, and steelhead



Figure 6b:  Conceptual model of reference condition processes and linkages in Reaches 3 and 4: unregulated, 
unconfined gravel bed river.

Fine sediment transport
• Primarily suspended load
• Frequent transport
• Rate limited by supply

Bank erosion
• Mass failure due to toe scour
• Progressive fluvial entrainment

Floodplain inundation
• Intermittent in winter
• Prolonged in spring
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Coarse sediment transport
• Bedload 
• Episodic scour depths > D90
• Rate limited by supply & 

transport

Floodplain In-channel

FO
R

M Floodplain construction
• Fine sediment deposition
• Episodic floodplain scour
• Creation of backwaters

Terrestrial flora
• Riparian recruitment of fresh surfaces
• Episodic scour of marginal vegetation
• Diverse native riparian community
• Diverse & extensive native floodplain 
flora

Water
•Unregulated
•Rainfall and rain-on-snow
-dominated hydrograph
•Q1.5 ~ 5,700 cfs

Fine sediment
• Upper watershed and 

tributaries
•Bank erosion

Coarse sediment
•Upper watershed and 

tributaries
•Bank erosion
•Channel bed

Large woody debris
•Fluvial transport

•Bank erosion
•Local hillslopes

Channel planform
• Progressive channel 
migration
• Episodic meander cutoff
• Episodic channel avulsion

Riffles
• Gravel, some 
interstitial sand
• Regular mobilization 
of surface & 
subsurface

Pools
• Well-developed
• Regular scour & fill

Bars
• Fresh depositional 
surfaces
• Episodic scour
•SEDIMENT SORTED BY 
CHANNEL PLANFORM 
AND LWD (?)

High nutrient 
inputs 
to river

Abundant salmon 
carcasses

Good foodweb
support

Aquatic fauna
• High diversity and abundance of 

native species including 
invertebrates, salmon, and steelhead

Rearing habitat 
• Availability of pool holding habitat
• Low velocity shelter & feeding 
habitat
•Floodplain refugia during high 
flows

Spawning habitat
• High permeability gravel
• Abundant riffle surface
• Availability of suitable 
gravel sizes

Floodplain & riparian habitat
• Topographic variability
• Dynamic patch mosaic
• Diversity of aquatic-terrestrial 
transition zone
• Periodic shallow water feeding 
habitat



Figure 7a:  Conceptual model of processes and linkages for a gravel bed (confined) river, Reach 1, Lower Clear 
Creek, CONDITIONS PRIOR TO RESTORATION.

Fine sediment transport
• Primarily bedload
• Transport frequency set by 

release schedule
• Rate limited by supply

Bank erosion
• Extent reduced by 

regulated flows and 
vegetation encroachment

Floodplain inundation
• Even more infrequent and 

of limited duration
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Coarse sediment transport
• Scoured bed material not 

replenished by upstream 
sources

• Limited to glory hole spill events

Floodplain Channel

Terrestrial flora
•Encroached, even-aged 
floodplain habitat
•Homogenous riparian flora

Reduced 
nutrient inputs 

to river

NO SALMON 
CARCASSES (SALMON 

TRAPPED BELOW 
SAELTZER)

Reduced foodweb
support

Riffles
•Armored by selective 
transport of fine 
gravel
•Sand infiltration

Pools
•PARTIALLY 
FILLED WITH 
FINE SEDIMENT? 
EVIDENCE?

Bars
•Rare sediment 
mobilization
•Vegetation encroachment

Channel planform
•Confined by bedrock
•Limited channel 
migration

Floodplain construction
•Limited fine sediment 
deposition
•Fossilization of limited  
floodplain surfaces

Water
•Regulated by Whiskeytown 
Dam
•Peak flows severely reduced 
except during glory hole spills
•Annual discharge volume 
reduced

Fine sediment
• Whiskeytown Dam traps 
upstream supply
•Supply by unregulated 
tributaries and bank erosion

Coarse sediment
•Whiskeytown Dam 
traps upstream supply
•Supply by unregulated 
tributaries and bed 
erosion

Large woody debris
•Whiskeytown Dam 
traps upstream supply
•RECRUITED 
THROUGH BANK 
EROSION AND 
STREAMSIDE 
SOURCES

FO
R

M

Rearing habitat 
• Restricted pool holding 
habitat
• Restricted shelter & 
feeding habitat
•Little habitat diversity

Spawning habitat
• Low permeability 
immobile gravel
• Limited riffle surface
• Limited availability of 
suitable gravel sizes

Floodplain & riparian habitat
• Decreasing topographic 
variability
• Static floodplain habitat

Aquatic fauna
• Low diversity and limited 

abundance of native species 
including invertebrates, salmon, and 

steelhead



Figure 7b:  Conceptual model of processes and linkages for a gravel bed (confined) river, Reach 2, Lower Clear 
Creek, CONDITIONS PRIOR TO RESTORATION.

Fine sediment transport
• Primarily bedload
• Transport frequency set by 

release schedule
• Rate limited by supply

Bank erosion
• Extent reduced by 

regulated flows and 
vegetation encroachment

Floodplain inundation
• Even more infrequent and 

of limited duration
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Coarse sediment transport
• Scoured bed material not 

replenished by upstream 
sources

• Limited to glory hole spill events

Floodplain Channel

Terrestrial flora
•Encroached, even-aged 
floodplain habitat
•Homogenous riparian flora

Reduced 
nutrient inputs 

to river

NO SALMON 
CARCASSES 

(TRAPPED BELOW 
SAELTZER)

Reduced foodweb
support

Riffles
•Rare, armored by 
selective transport of 
fine gravel
•Sand infiltration

Pools
•PARTIALLY 
FILLED WITH 
FINE SEDIMENT? 
EVIDENCE?

Bars
•Rare sediment 
mobilization
•Vegetation encroachment

Channel planform
•Confined by bedrock
•Limited channel 
migration
•LIMITED LWD

Floodplain construction
•Limited fine sediment 
deposition
•Fossilization of limited  
floodplain surfaces

Water
•Regulated by Whiskeytown 
Dam
•Peak flows severely reduced 
except during glory hole spills
•Annual discharge volume 
reduced

Fine sediment
• Whiskeytown Dam traps 
upstream supply
•Supply by unregulated 
tributaries and bank erosion

Coarse sediment
•Whiskeytown Dam 
traps upstream supply
•Supply by unregulated 
tributaries and bed 
erosion

Large woody debris
•Whiskeytown Dam 
TRAPS UPSTREAM 
SUPPLY
•RECRUITED THROUGH 
BANK EROSION
•LOCAL HILLSLOPES?

FO
R

M

Rearing habitat 
• Restricted pool holding 
habitat
• Restricted shelter & 
feeding habitat
•Little habitat diversity

Spawning habitat
• Extent/quality of pocket 
gravels reduced
•Limited riffle surfaces
•COARSENED?
• Limited availability of 
suitable gravel sizes

Floodplain & riparian habitat
• Decreasing topographic 
variability
• Static floodplain habitat

Aquatic fauna
• Low diversity and limited 

abundance of native species 
including invertebrates, salmon, and 

steelhead



Figure 7c:  Conceptual model of processes and linkages for a gravel bed (unconfined) river, Reach 3, Lower Clear 
Creek, CONDITIONS PRIOR TO RESTORATION.

Floodplain inundation
• During glory hole spills only
• PERMANENT (CAPTURED OFF-

CHANNEL GRAVEL PITS)
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Coarse sediment transport
• Infrequent, during glory hole 

spills

Floodplain Channel

Low nutrient 
inputs 
to river

NO SALMON 
CARCASSES (TRAPPED 

BELOW SAELTZER)

Low foodweb
support

Floodplain and riparian 
habitat

•Decreased topographic 
variability
• Static floodplain habitat
•Limited spatial extent

Rearing habitat 
•Restricted pool holding habitat
• Restricted shelter & feeding 
habitat
•Little habitat diversity

Floodplain construction
•Limited fine sediment deposition
•Fossilization of floodplain 
surfaces
•MINING PITS CREATE 
PERMANENTLY FLOODED 
AREAS (NOT SURE IF THIS IS 
ACTUALLY TRUE)

Channel planform
•Limited channel migration
•Rare meander cutoff
•Rare channel avulsion
•Plane bed morphology

Riffles
•Armored by 
selective transport of 
gravel
•Sand infiltration

Bars
•Sediment mobilization 
frequency decreased
•Coarsened from selective 
transport
•Vegetation encroachment

Water
•Regulated by 
Whiskeytown dam
•Moderate peak flows 
greatly reduced
•Annual discharge 
volume reduced

Fine sediment
• Whiskeytown Dam 
traps most (all?) 
upstream supply
•Supply by bank 
erosion & unregulated  
tributaries

Coarse sediment
•Whiskeytown Dam traps all 
upstream supply
•Material removed from bed 
and not replenished
•Direct removal of sediment 
during gold mingin

Large woody debris
•Whiskeytown Dam 
traps upstream supply
•Recruited through 
bank erosion, 
streamside inputs

FO
R

M

Fine sediment transport
• Transported as suspended load 

during glory hole spills
• Transported as bedload during 

tributary flows

Bank erosion
• Extent limited by regulated 

flows and vegetation 
encroachment

Spawning habitat
• Reduced permeability 
•Bed too coarse
•Limited availability of 
suitable gravel sizes

Terrestrial flora
•Mature, evenaged floodplain 
habitat
•NON-NATIVE INVASIVE 
SPECIES?
•Homogenous riparian flora

Aquatic fauna
• Low diversity and limited 

abundance of native species 
including invertebrates, salmon, and 

steelhead

Pools
•PARTIALLY 
FILLED WITH FINE 
AND COARSE 
SEDIMENT??? 
EVIDENCE
•Long, pools with 
little form or refugia
during high flows



Figure 7d:  Conceptual model of processes and linkages for a gravel bed (unconfined) river, Reach 4, Lower Clear 
Creek, CONDITIONS PRIOR TO RESTORATION.

Floodplain inundation
• Occurs during glory hole 

spills only
• PERMANENT FOR OFF-

CHANNEL GRAVEL PITS
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Coarse sediment transport
• Likely limited to glory hole 

spills
• Frequency reduced due to 

bed coarsening

Floodplain Channel

Reduced 
nutrient inputs 

to river

Few salmon 
carcasses

reduced foodweb
support

Floodplain and riparian 
habitat

•Decreasing topographic 
variability
• Static floodplain habitat
•Limited spatial extent
•Vegetation encroachment

Rearing habitat 
•Mining pits provide habitat for 
non-native predatory species
•Restricted pool holding habitat
• Restricted shelter & feeding 
habitat
•Little habitat diversity

Floodplain construction
•Limited fine sediment deposition
•Fossilization of floodplain 
surfaces
•MINING PITS CREATE 
PERMANENTLY FLOODED 
OFF-CHANNEL AREAS (I 
THINK THIS IS TRUE FOR THIS 
REACH?)

Channel planform
•In lower reaches, clay hardpan 
limits channel migration
•Plane bed morphology
•Limited channel migration
•Rare meander cutoff
•Rare channel avulsion

Riffles
•Armored by 
selective transport of 
fine gravel 
•Sand infiltration

Bars
•Rare sediment 
mobilization
•Vegetation 
encroachment

Water
•Regulated by 
Whiskeytown dam
•Moderate peak flows 
greatly reduced
•Annual discharge 
volume reduced

Fine sediment
• Whiskeytown Dam 
traps (MOST?? ALL?) 
upstream supply
•Supply by bank 
erosion & unregulated  
tributaries

Coarse sediment
•Whiskeytown Dam traps 
upstream supply
•Supply from tributaries and 
bed and bank erosion
•Dredger mining removes 
potential supply from bed

Large woody debris
•Whiskeytown Dam 
traps upstream supply
•Recruited through 
streamside inputs and 
bank erosion

FO
R

M

Fine sediment transport
• Suspended load during glory 

hole spills
• Bedload during tributary flows

Bank erosion
• Extent limited by regulated 

flows and vegetation 
encroachment

Spawning habitat
• Low permeability 
immobile gravel
• Limited riffle surface
• Limited availability of 
suitable gravel sizes

Terrestrial flora
•Mature, even-aged 
floodplain habitat
•Riparian encroachment
•Homogenous riparian flora

Aquatic fauna
• Low diversity and limited 

abundance of native species 
including invertebrates, salmon, and 

steelhead

Pools
PARTIALLY FILLED 

WITH FINE AND 
COARSE 

SEDIMENT??? 
EVIDENCE

Long, pools with little 
form or refugia during 

high flows



Figure 8a:  Conceptual model of processes and linkages for a gravel bed (confined) river, Reach 1, Lower Clear 
Creek, CONDITIONS FOLLOWING RESTORATION. 

Floodplain inundation
• Every 3 years
• Duration limited by cost

IN
PU

TS
PR

O
C

ES
S

H
A

B
IT

A
T

ST
R

U
C

TU
R

E
B

IO
TI

C
 R

ES
PO

N
SE

(S
al

m
on

id
 fo

cu
s)

Floodplain Channel

Moderate 
nutrient inputs 

to river

Some salmon 
carcasses

Increased foodweb
support

Rearing habitat 
•Increased pool holding 
habitat
•Some low velocity shelter 
and feeding habitat

Floodplain construction
• Moderate fine sediment 
deposition
• Floodplain scouring unlikely

Channel planform
• Limited channel migration 
(bedrock)
• Very rare meander cutoff 
/avulsion (limited to Page 
Creek bar)

Riffles
•Mobilized every 3 years
• Flushing of fines
•Interstitial sand reduced

POOLS
•POOL VOLUMES 
INCREASED BY 
SCOUR OF FINE 
SEDIMENT
•NUMBER OF POOLS 
INCREASED BY 
INCREASED LWD

Bars
•Moderate sediment 
mobilization
•Episodic scourFO

R
M

Large woody debris
•Whiskeytown Dam traps 
upstream supply
•RECRUITED THROUGH 
BANK EROSION AND 
STREAMSIDE SOURCES
•LWD ADDED TO 
CHANNEL

Fine sediment
•Whiskeytown Dam traps 
upstream supply
•Supply by bank erosion  
Paige Boulder Creek 

Spawning habitat
• Increased gravel 
permeability 
• Increased availability of 
suitable gravel sizes

Floodplain & riparian habitat
•Limited in extent
• Some topographic variability
• Restricted dynamic patch mosaic
• Limited diversity of aquatic-
terrestrial transition zone
• Moderate frequency shallow 
water feeding habitat

Aquatic fauna
• Moderate diversity and abundance 

of native species including 
invertebrates, salmon, and steelhead

Coarse sediment
•Whiskeytown Dam traps 
upstream supply
•SUPPLY AUGMENTED 
DOWNSTREAM OF 
WHISKEYTOWN DAM
•Additional sediment from 
Paige Boulder Creek

Water
•Regulated by Whiskeytown 
Dam
•Managed peak flows of 
3,000-5,000 cfs every 3 
years to scour pools, turn 
riffles and inundate 
floodplain

Terrestrial flora
• Limited riparian recruitment of fresh 
surfaces
• Episodic scour of marginal vegetation
• Restricted diversity of native riparian 
communities
• Restricted diversity & extent of native 
floodplain flora (due to bedrock)

Coarse sediment transport
• Transport frequency increased
• Increased upstream supply 

(through augmentation/infusion 
needed)

Fine sediment transport
• Transported as suspended 

sediment more frequently
• Some fines moved from channel 

bed to floodplain
• Rate limited by supply

Bank erosion
• bedrock banks limits bank 

erosion
• Occurs in less confined portions 

due to peak flows and scour of 
vegetation from channel, but 
limited by encroached 
vegetation



Figure 8b:  Conceptual model of processes and linkages for a gravel bed (confined) river, Reach 2, Lower Clear 
Creek, CONDITIONS FOLLOWING RESTORATION.

Fine sediment transport
• Suspended load and bedload
• Rate limited by supply

Bank erosion
• Occasional due to peak 

flows and scour of 
vegetation from channel

Floodplain inundation
• Every 3 years
• Duration limited by cost
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Coarse sediment transport
• Bedload 
• Moderate frequency

Floodplain Channel

Moderate 
nutrient inputs 

to river

Some salmon 
carcasses

Moderate foodweb
support

Rearing habitat 
•Availability of pool holding 
habitat
•Some low velocity shelter 
and feeding habitat

Floodplain construction
• Moderate fine sediment 
deposition
• Floodplain scouring unlikely

Channel planform
• Limited channel migration 
(bedrock)
• Very rare meander 
cutoff/avulsion

Riffles
• Cobble, some 
interstitial sand
• Increased mobilization 
• Flushing of fines

Pools
•POOL VOLUMES 
INCREASED BY SCOUR 
OF FINE SEDIMENT
•POOL FREQUENCY 
INCREASED BY LWD

Bars
•Limited to short 
unconfined reaches
•Sediment mobilization
•Episodic scourFO

R
M

Spawning habitat
•Limited to pocket 
spawning and channel 
expansion zones 
•Increased gravel 
permeability 
•Availability of suitable 
gravel sizes

Floodplain & riparian habitat
•Limited in extent (bedrock)
•Some topographic variability
• Restricted dynamic patch mosaic
• Limited diversity of aquatic-
terrestrial transition zone
• Moderate frequency shallow 
water feeding habitat

Aquatic fauna
• Moderate diversity and abundance 

of native species including 
invertebrates, salmon, and steelhead

Terrestrial flora
• Limited riparian recruitment of fresh 
surfaces
• Episodic scour of marginal vegetation
• Restricted diversity of native riparian 
communities
• Restricted diversity & extent of native 
floodplain flora

Large woody debris
•Whiskeytown Dam traps 
upstream supply
•RECRUITED THROUGH 
BANK EROSION AND 
STREAMSIDE SOURCES

Coarse sediment
•Whiskeytown Dam traps upstream supply
•Supply by Paige Boulder Creek, bank 
erosion, and minor  tributaries 
•GRAVEL AUGMENTATION FROM REACH 
1? INFUSION? (HOW MUCH GRAVEL IS 
NEEDED?)

Fine sediment
•Whiskeytown Dam 
traps upstream supply
•Supply by Paige 
Boulder Creek, bank 
erosion, and minor  
tributaries 

Water
•Regulated by Whiskeytown Dam
•Managed peak flows of 3,000-5,000 
cfs every 3 years to scour pools, turn 
riffles and inundate floodplain



Figure 8c:  Conceptual model of processes and linkages for a gravel bed (unconfined) river, Reach 3, Lower Clear 
Creek, CONDITIONS FOLLOWING RESTORATION.
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Coarse sediment transport
• Increased frequency
• Supply limited

Floodplain Channel

Moderate 
nutrient inputs 

to river

Increased salmon 
carcasses

Increased foodweb
support

Floodplain construction
• Moderate fine sediment 
deposition 
• Floodplain scouring unlikely

Channel planform
• Limited channel migration
• Increased meander 
cutoff/avulsion
• Pool-riffle morphology

Riffles
• Gravel, some interstitial 
sand
• Increased mobilization 
• Flushing of fines

Pools
•POOL VOLUMES 
INCREASED BY 
SCOUR OF FINE 
SEDIMENT

Bars
•Some sediment 
mobilization
•Episodic scourFO

R
M

Spawning habitat
• Increased gravel 
permeability
• Augmented riffle surface
•Suitable gravel sizes 
available 

Floodplain & riparian habitat
•Narrow riparian band which expands in 
wider reaches 
•Floodplain restoration at Reading Bar
•Non-native species still present 
•Timing of flows important (FINES)
•Some topographic variability
• Restricted dynamic patch mosaic

Aquatic fauna
• Increased diversity and abundance 

of native species including 
invertebrates, salmon, and steelhead

Terrestrial flora
• Limited riparian recruitment of fresh 
surfaces
• Episodic scour of marginal vegetation
• Restricted diversity of native riparian 
communities
• Restricted diversity & extent of native 
floodplain flora

Large woody debris
•Whiskeytown Dam traps 
upstream supply
•Recruited through bank 
erosion
•LWD ADDITION????

Coarse sediment
•Whiskeytown Dam traps 
upstream supply
•Supply from tributaries
•SUPPLY AUGMENTED BY 
MANAGED GRAVEL ADDITIONS

Fine sediment
•Whiskeytown Dam traps 
upstream supply
•Supply by bank erosion  
and below dam tributaries

Water
•Regulated by Whiskeytown Dam
•Managed peak flows of 3,000-5,000 
cfs every 3 years to scour pools, turn 
riffles and inundate floodplain

Fine sediment transport
• Suspended load during flow 

releases
• Bedload during tributary peaks
• Rate limited by supply

Bank erosion
• Occasional due to peak flows 

and scour of vegetation from 
channel

Rearing habitat 
•Increased availability of 
pool holding habitat
•Some low velocity shelter 
and feeding habitat, 
associated with more 
variable habitat typesH
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Floodplain inundation
• Every 3 years
• Duration limited by cost



Figure 8d:  Conceptual model of processes and linkages for a gravel bed (unconfined) river, Reach 4, Lower Clear 
Creek, CONDITIONS FOLLOWING RESTORATION.

Fine sediment transport
• Suspended load and bedload
• Rate limited by supply

Bank erosion
• Occasional due to peak 

flows and scour of 
vegetation from channel

Floodplain inundation
• Every 3 years 
• Duration limited by cost
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Coarse sediment transport
• Increased frequency
• Supply limited

Floodplain Channel

Moderate 
nutrient inputs 

to river

Some salmon 
carcasses

Moderate foodweb
support

Rearing habitat 
•Increased holding habitat
•Some low velocity shelter 
and feeding habitat
•Increased refugia from 
channel form changes and 
LWD

Floodplain construction
• Moderate fine sediment 
deposition
• Floodplain scouring unlikely

Riffles
• Gravel, some 
interstitial sand
• Some mobilization 
• Flushing of fines

Pools
•Pool volumes increased 
by scour of fine 
sediment
•Increased morph. 
diversity from LWD, 
sediment, and flows

Bars
•Increased sediment 
mobilization
•Episodic scourFO

R
M

Spawning habitat
• Moderate permeability 
gravel
• Augmented riffle surface
• Availability of suitable 
gravel sizes

Floodplain & riparian habitat
•Narrow riparian band which 
expands in wider reaches 
•Floodplain restoration in floodplain 
rehab. reach
•Non-native species still present 
•Timing of flows important (FINES)
•Some topographic variability
• Restricted dynamic patch mosaic

Aquatic fauna
• Moderate diversity and abundance 

of native species including 
invertebrates, salmon, and steelhead

Terrestrial flora
• Limited riparian recruitment of fresh 
surfaces
• Episodic scour of marginal vegetation
• Restricted diversity of native riparian 
communities
• Restricted diversity & extent of native 
floodplain flora

Water
•Regulated by Whiskeytown Dam
•Managed peak flows of 3,000-5,000 cfs 
every 3 years to scour pools, turn riffles 
and inundate floodplain

Fine sediment
•Whiskeytown Dam traps upstream 
supply
•Supply by bank erosion  and below 
dam tributaries

Coarse sediment
•Whiskeytown Dam traps 
upstream supply
•SUPPLY AUGMENTED BY 
MANAGED GRAVEL 
ADDITIONS

Large woody debris
•Whiskeytown Dam traps 
upstream supply
•Recruited through bank 
erosion
•LWD ADDITION

Channel planform
• Limited channel migration
• Increased meander 
cutoff/avulsion
• Pool-riffle morphology
•Channel reconstruction in 
floodplain rehab. reach



Whiskeytown Releases / Reservoir
Operation Rules - water year

dependent low (QA) & high (QB)
flow target regimes with specific

sediment (SED), large woody
debris (LWD) additions, & reservoir

level (RL) policies
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Figure 9:  Example “base case” or present uncertainty decision analysis showing example actions, uncertain 
states of nature, and performance indicators (used to assess achievement of specific objectives) to illustrate 
the problem of restoring channel processes and salmonid habitat in Clear Creek. “Q” refers to the Clear Creek 
discharge.  (Source: Alexander et al. 2003).



 

Experimental Whiskeytown 
Releases / Reservoir 

Operations 
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Use to update probabilities
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decision analysis (previous decision tree)

Figure 10: Example decision tree for evaluating the value of information and impact on decisions of doing adaptive 
management. Actions become alternative flow experiments and survey designs. The key result from adaptive 
management is the change in probabilities for key uncertainties (in this example sediment transport rates as one 
example) along with the cost of the experiment. These new probabilities then replace the previous weights used 
in the present uncertainty decision analysis (Figure 2.5.X). By updating the results of the base case decision 
analysis with the new probabilities, decision analysis reveals what you would have done with and without the new 
information. If a different action is chosen and the experiment is of acceptable cost and statistical power–adaptive 
management is worth it (because the expected outcomes will be more reliable). 



Figure 11: Whiskeytown Dam and Reservoir and its major outlet works.  cfs = cubic feet per second.  CARR = 
Judge Francis Carr tunnel and Power Plant.  Spring Creek = Spring Creek tunnel and Power Plant. Q = 
discharge in cfs.
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 Magnitude for November to June floods, 1965 to 
2002 (where Glory Hole release > 50 cfs). 

n=135 (N=14244)
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Figure 12: Magnitude of November to June floods, 1965 to 2002 (where Glory Hole release > 50 cfs). n=135 
(N=14244).  n = number of observations meeting criteria.  N = total number of daily observations in the 
period of record used.  Q = discharge in cubic feet per second.



 Magnitude for November to June tributary 
flows 1965 to 2002 (where Glory Hole 
release > 50 cfs). n=135 (N=14244)
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Figure 13: Magnitude of November to June tributary flows, 1965 to 2002, as measured by difference between 
flow at Igo gage and flows exiting Whiskeytown dam (for cases where Glory Hole release > 50 cfs). n = number 
of observations meeting criteria.  N = total number of daily observations in the period of record used.



25th percentile categorizations for total monthly natural inflows into 
Whiskeytown Reservoir  (1965 to 2002)
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Figure 14a: Quartiles for total natural (outside management control) monthly inflow to Clear Creek, 1965 to 
2002.



25th percentile categorizations for total monthly JF Carr inflows into 
Whiskeytown Reservoir (1965 to 2002)
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Figure 14b: Quartiles for total monthly inflow (under management control) from the Trinity river, through the 
JF Carr tunnel, 1965 to 2002.



25th percentile categorizations for total monthly Spring Creek outflows from 
Whiskeytown Reservoir (1965 to 2002)

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

Jan March May July Sept Nov

Month

To
ta

l  
W

at
er

 V
ol

um
e 

(a
cr

e-
fe

et
)

Minimum (25th)
Median (50th)
Maximum (75th)

5040 cfs released 
over 24 hrs = 10,000 acre-ft

Figure 15a: Quartiles for the total monthly outflow through Spring Creek tunnel (under management control), 
1965 to 2002.



25th percentile categorizations for total monthly natural Clear Creek Outflows 
(Clear Creek Outlet + Glory Hole) from Whiskeytown Reservoir

 (1965 to 2002)
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Figure 15b:  Quartiles for the total monthly outflow to Clear Creek, 1965 to 2002.



Whiskeytown Reservoir: 1965 to 1999
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Figure 16: Historical Glory Hole discharge (cubic feet per second) as a function of Whiskeytown Reservoir water 
surface elevation (1965 to 1999).  Red dot indicates the design maximum release (28,000 cfs) and the design 
elevation at which this flow would occur (this flow is not a part of the 1965 to 1999 record).  


